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DNA Casework Unit 

Procedures for the Extraction of DNA from Hair and Keratinized Tissue
 

1 Scope 

These procedures describe the process for chemical digestion and purification of 
deoxyribonucleic acid (DNA) from hair or keratinized tissue (i.e., fingernails).  

2 Equipment/Materials/Reagents 

Equipment/Materials 
 General laboratory supplies (e.g., tubes, pipettes, vortex, forceps) 
 Magnetic stand 
 Stereomicroscope  
 Sonicator 
 Micro tissue grinder (aka mortar and pestle), if needed 

Reagents 
 Xylene and/or xylene substitute, if needed 
 Terg-a-zyme, powder or 5% solution 
 Ethanol (EtOH), absolute 
 Qiagen® Buffer ATL 
 Dithiothreitol (DTT), 5M solution 
 Proteinase K (ProK), 20mg/mL 
 Qiagen® Buffer AL 
 PrepFiler® Forensic DNA Extraction Kit 

 PrepFiler® Magnetic Particles 
 PrepFiler® Wash Buffers A and B 
 PrepFiler® Elution Buffer (or TE-4 Buffer) 

 Isopropanol, 70% Water, reagent grade or equivalent 
 Sulfuric acid, 4 N, if needed 

3 Standards and Controls 

At least one extraction control (i.e., reagent blank [RB]) must be processed in parallel with each 
extraction batch. 

For evaluation of the extraction controls, refer to the appropriate interpretation procedure of the 
DNA Procedures Manual. 
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4 Procedures 

Refer to the DNA Procedures Introduction (DNA QA 600) for applicable general precautions 
and cleaning instructions. 

Supplies typically needed for 1 sample and 1 RB (adjust for batches): 
EtOH (~1 mL) Isopropanol (~400 μL) Do NOT UV 
Water (~10mL)   Wash Buffer A (~2 mL)  Magnetic beads 
5M DTT (~15 μL) Wash Buffer B (~1 mL)  ProK 
Buffer ATL (~1 mL) Elution Buffer (~150 μL) 
Buffer AL (~1 mL)  
 4 - 1.5 mL tubes (sample, RB, final sample extract, final RB extract) 
 Ruler, magnetic stand, forceps, scissors, scalpel, tube rack 
 p20, p200, p2000 pipettes 

4.1 Sample Collection 

Except as noted, the following steps are performed in a hood.   

A description of the collected sample will be recorded in the notes. 

4.1.1 Hair 

Any step involving manipulations of difficult hairs may occur outside of hood with aid of 
stereomicroscope. Reverse action forceps may aid in grasping a hair. The hood air flow must be 
off while transferring/handling hair samples. 

4.1.1.1 View hair under stereomicroscope for presence of root tissue or adherent 
material.  

If sheath material is present, consult an Examiner. 

4.1.1.2 Measure hair and record length. 
Remove ~ 2 cm of hair from root end and place in a tube.  

The sample may be moistened with water to minimize the effects of static. 

4.1.2 Fingernail Clipping 

4.1.2.1 Place ~ 3 mm x 3 mm of a fingernail in a tube. 
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4.2 Sample Cleaning Methods 

Each wash procedure may be performed additional times using fresh cleaning solution. The 
cleaning method(s) used will be recorded in the notes.   

Pulse spin, as necessary, throughout procedure to force sample to bottom of tube. A sample may 
remain in the same tube for each cleaning procedure with the removal of the cleaning liquid(s). 
In instances with smaller samples, smaller rinse tubes and/or less liquid may be used. 

4.2.1 Xylene Wash (Optional) 

4.2.1.1 In chemical fume hood, add enough xylene to cover sample. 
Sonicate at least 20 minutes in chemical fume hood. 

Alternatively, xylene may be added to the collection tube prior to the addition of sample. 

4.2.1.2 Remove xylene and appropriately discard waste. 
Add enough reagent grade water to cover sample and mix. 

As an alternative to the xylene removal, sample may be transferred from xylene tube to a 
separate water tube with use of tweezers.  

4.2.2 Xylene Substitute Wash (Optional) 

4.2.2.1 Transfer sample to tube containing enough UV-treated xylene substitute to 
cover sample.  
Sonicate at least 20 minutes. 

4.2.3 Terg-a-zyme Wash 

To make 5% Terg-a-zyme solution, add 0.5 g Terg-a-zyme to 10 mL water. 

4.2.3.1 Transfer sample to tube containing enough 5% Terg-a-zyme solution to 
cover sample.  
Sonicate at least 20 minutes. 

4.2.3.2 Transfer sample to tube containing enough EtOH to cover sample and mix to 
rinse. 

4.2.3.3 Transfer sample to tube containing enough water to cover sample and mix to 
rinse. 
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4.3 Digestion 

4.3.1 Enter appropriate barcodes and prepare Digestion Buffer. 

To make Digestion Buffer, add 13.2 µL 5M DTT to 1 mL Buffer ATL. 

4.3.2 Add 300 μl of Digestion Buffer and 20µL ProK to each sample and RB tube. 
Ensure samples are submerged. Samples may be cut into pieces to ensure full 
immersion. 
Vortex and incubate tubes at 56ºC at 900 rpm for a minimum of ~30 minutes, 
until the sample is fully digested, or overnight (O/N).  

Sample is generally transferred from the last cleaning tube to a new tube containing the 
digestion buffer; however, the sample may remain in the same tube with the removal of the water 
rinse prior to the addition of the digestion buffer. 

NOTE: For keratinized tissues, a minimum incubation time of 2 hrs is recommended. 

If full digestion does not occur after a minimum of 2 hrs, a partially-digested hair sample (and 
RB) may undergo the grinding process at the end of this procedure. 

4.3.3 Pulse spin. 
Add 300 μL Buffer AL. 
Vortex tubes and incubate at 70°C at 900 rpm for 10 minutes.  

4.3.4 Pulse spin and allow to come to room temperature (~5 minutes). 

4.4 PrepFiler® DNA Extraction Kit Purification  

Prior to addition, vortex PrepFiler® Magnetic Particles tube for 5 seconds until no visible pellet 
remains in bottom of tube.  Pulse spin. If processing multiple samples, vortex every ~5 minutes. 

4.4.1 Add 15 μL of Magnetic Particles. 
Vortex at low speed for 10 seconds. 
Pulse spin. 

4.4.2 Add 180 μL of isopropanol. 
Vortex at low speed for 5 seconds. 
Mix at room temperature at 1,000 rpm for 10 minutes in shaker.  

4.4.3 Vortex at high speed for 10 seconds. 
Pulse spin. 



 
 
 

 

 

 

 
 

4.4.4  Place tubes in magnetic stand. 
  
Wait until size of pellet on back of tubes stops increasing (~3 minutes).With 

tubes in magnetic stand, pipette off and discard all liquid without disturbing 

pellet. 
 

 
4.4.5  Add 600 µL Wash Buffer A.  

Vortex at high speed until there is no visible pellet on side of tube (~5 
seconds). 
Pulse spin.  

It is acceptable to have visible aggregates in solution or on side of tube below meniscus. 
 

4.4.6  Place tubes in magnetic stand for ~60 seconds.   
With tubes in magnetic stand, pipette off and discard all liquid without 
disturbing pellet. 

 
4.4.7  Add 300 µL Wash Buffer A.  
  

Vortex at high speed until there is no visible pellet on side of tube (~5 

seconds). 

Pulse spin. 
 

 
It is acceptable to have visible aggregates in solution or on side of tube below meniscus. 
 
4.4.8  Place tubes in magnetic stand for ~60 seconds.   

With tubes in magnetic stand, pipette off and discard all liquid without 
disturbing pellet. 

 
4.4.9  Add 300 µL Wash Buffer B.   

Vortex at high speed until there is no visible pellet on side of tube (~5 
seconds). 
Pulse spin. 

 
It is acceptable to have visible aggregates in solution or on side of tube below meniscus. 
 
4.4.10  Place tubes in magnetic stand for ~60 seconds.   

With tubes in magnetic stand, pipette off and discard all liquid without 
disturbing pellet. 
With tubes remaining in magnetic stand, open and air-dry in hood with 
blower for ~8 minutes.   
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DO NOT OVERDRY. 

 If the room temperature is >25°C, reduce the drying time to 5 minutes. 
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Add 65μL of Elution Buffer or TE-4. 

Vortex at high speed until there is no visible pellet on side of tube (~5 

seconds). 

Pulse spin.


4.4.11 

 If an alternate volume is used for elution, record the volume in the case notes. 

4.4.12 Incubate at 70°C and 900 rpm for 5 minutes. 
Vortex at high speed until there is no visible pellet on side of tube (~2 
seconds). 
Pulse spin. 

4.4.13 Place tubes in magnetic stand. 
Wait until size of pellet on back of tubes stops increasing (~2 minutes.). 
Transfer liquid into final extract tube without disturbing pellet. 

If an extract is discolored, spin 10,000 X g for 7 minutes and transfer supernatant to new tube. 

4.5 Grinding (If necessary) 

If necessary, the following procedure may be utilized if full digestion has not occurred after a 
minimum of 2 hrs. 

4.5.1 Moisten swab with 5% Terg-a-zyme solution. Terg-a-zyme may be warmed 
prior to use. 
Scrub mortar and pestle with swab. 
Simulate grinding. 
Rinse with water. 
Repeat two times. 

4.5.2 In chemical fume hood, add 300uL 4 N sulfuric acid to mortar and simulate 
grinding. 
Soak mortar and pestle in 4 N sulfuric acid for 20 minutes. 

4.5.3 Rinse the mortar and pestle with water. 
Pulse spin the pestle. 
Remove remaining water and crosslink. 

Transfer 200 μl of solution from the RB tube to mortar and simulate 

grinding. 

Remove pestle from mortar. 

Transfer liquid back to RB tube. 


4.5.4 



 
 
 

 

 
 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
   

 
 

 
 
 

 
 

 

 

4.5.5  Transfer 200 μl of solution and the undigested sample fragments to mortar 
  
and grind until fragments are no longer visible. 
 
Remove pestle from mortar. 

Transfer liquid back to sample tube. 
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4.5.6 Add 20µL ProK and 4µL of 5M DTT to each sample and RB tube. 
Vortex and incubate at 56ºC at 900 rpm for a minimum of 30 minutes and a 
maximum of O/N.   
Pulse spin. 
Resume digestion processing. 

5 Sample Selection 

Generally, an individual hair or nail is received for processing and the sample is collected as 
described above.  When multiples hairs or fingernails are to be processed as a known sample, 
there is a reasonable assumption of homogeneity and no sampling plan is needed.   

6 Calculations 

Not applicable. 

7 Measurement Uncertainty 

Not applicable. 

8 Limitations 

The quantity and quality of the DNA present within any biological material ultimately 
determines if a DNA extraction is successful. 

A hair does that not fully digest may proceed through this procedure without additional grinding. 

9 Safety 

All evidence containing or contaminated with blood or other potentially infectious 
materials will be considered infectious regardless of the perceived status of the source individual 
or the age of the material.  Follow the “Safe Work Practices and Procedures,” “Bloodborne 
Pathogen (BBP) Exposure Control Plan (ECP),” “Personal Protective Equipment Policy,” and 
“Chemical Hygiene Plan” sections of the FBI Laboratory Safety Manual. 

9.1 
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9.2 Refer to the “Hazardous Waste Disposal” section of the FBI Laboratory Safety 
Manual for important information concerning proper disposal of the chemicals used in these 
procedures as well as the biohazardous wastes generated. 

9.3 Procedural Specific Chemical Hazards:  

	 Solutions of Proteinase K can be irritating to mucous membranes.  Use eye 
protection when handling.  

	 Xylene is an irritant and is toxic. Its use should be confined to a chemical 
fume hood whenever possible.  

	 Sulfuric acid is caustic. Gloves, safety glasses, and a laboratory coat must be 
worn whenever using sulfuric acid. Addition of sulfuric acid to the grinder 
must be performed inside a chemical fume hood. 
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Refonnatted from Mitochondrial DNA Analysis Laborato1y Procedures. 

Added ability to use procedure on FNC. 

Added option to add additional reagent and time for digesting. 

Increased elution volume to 65. 

Added option to grind if full digestion is not achieved. 
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Title:   Validation of a  Methodology  for  Chemical DNA Extraction  from Hairs  


 
Purpose:    
 
In  forensic casework,  nuclear DNA is often  difficult  to recover from  challenging  sample  
types such  as human  hairs. In  these cases,  however, mitochondrial DNA (mtDNA) can  
routinely be recovered, and  thus  the  FBI Laboratory mtDNA  Unit is often tasked with  


performing mtDNA analysis on  such  samples.   The currently  employed  mtDNA Unit 
protocol for DNA extraction  from  hair  generally  yields  mtDNA quantities and qualities 
sufficient to p roduce  PCR product  and  DNA sequence  data fo r th e  two hypervariable 
regions  (HV1 and HV2) of the  non-coding control region.  Typically, this is accomplished  
by amplifying four fragments  of approximately 250bp in size,  since larger amplicons are 
difficult to recover from most hair  extracts.    
 
Recently,  the mtDNA Unit has evaluated  alternate  extraction protocols in an effort  to  
increase  DNA yields from  hair  and, by doing so, also  increase the recovery of higher 
quality  DNA  fragments.   The  following experiments  were performed  to  serve as internal 
validation of  one particular method that has been  shown to  improve  both the quantity  
and quality of  mtDNA recovered  from hair.   The  protocol  is based  on chemical digestion  
of the hair shaft and subsequent silica-based  magnetic bead  purification.  
 
Comparison of FBI Organic and Chemical DNA Extraction protocols  :  
 
To establish the  utility, precision, accuracy, and reproducibility  of the  chemical 
digestion/silica-based  hair extraction, nine  hairs were extracted side-by-side  with the  
chemical hair  extraction  protocol and  the  mtDNA Unit's  organic hair extraction  method.   
Replicate samples (three) from three  different individuals were selected to represent the  
range  of  hair  quality and type encountered in  casework.  These included  dyed  and  un
dyed  head  hair  from  two different  individuals of  western Eurasian ancestry, as well as  
dyed  head  hair  from an individual of  African  ancestry.  For each hair  the  first  2cm  of the  
proximal end were removed and stored. The  2cm a djacent to the removed portion  were 
then  used  for DNA  extraction.   DNA extracts were assessed in  three  ways.  They were 
evaluated  by mtDNA qPCR  to directly determine the  mtDNA copy number  present in the  
extract;  by  quantification of  the  following  control region  (CR)  amplification  products:  
HV2, HV2B, and MPS-4 (Table 1); and  by  evaluation of  sequence  data  from  the HV2B  
amplification  products.    
 
A comparison of the mtDNA qPCR results from the  two  extraction  methods showed  
that, depending on the  sample, the chemical DNA extraction  produced  between 2 and 9  
times  more  mtDNA than  the FBI Organic SOP.  In  no case  did the chemical DNA 
extracts yield less mtDNA than the FBI Organic SOP extracts.  These results were 
confirmed  when  product yields from the  downstream control region amplifications were 
examined.   For all hairs and primer sets tested, the PCR product q uantities  were 
noticeably greater with the  chemically digested extracts.  The  CR amplification  results  
also demonstrated  that in those cases for which larger amplicons  could not be  
successfully amplified  (CE quant values of 0.00-0.99 ng/µL)  from the FBI Organic SOP  
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extracts,  the same PCR product  could  successfully  be recovered  from  the  
corresponding chemically digested extract.   
 
Sequence data  and mtDNA haplotypes were generated  from all  of the extracts 
described above in order to establish  reproducibility and precision  of the resulting data.  
The known mtDNA profiles of the  donors  were used as the basis fo r comparison.   In all  
cases, the sequencing  results  and  final mtDNA profiles were consistent between  the  
two  extraction treatments, consistent across replicates of  the same individual, and  
consistent with the known mtDNA haplotype.  
 
To  further demonstrate reproducibility of the  procedure, hairs from  the same  donor were 
extracted by three separate scientists and the  DNA yields evaluated by  mtDNA qPCR.   
For these extractions,  and  taking into account well-established variation both within and  
between hairs from the same individual, the resulting mtDNA yields fell within the  
expected range.  
 
Together, these  data  demonstrate  equivalent or better  sensitivity, and establish the  
precision,  accuracy, and reproducibility  of the  new  hair extraction  method.   
 
Utility and Sensitivity  with Representative Specimens:  
 
In order to fu rther demonstrate  utility  of the  method  on  samples regularly encountered in  
mtDNA casework, additional  hair types and  fragment sizes  were tested.  These  samples  
included both  beard hairs and head hairs; they  represented individuals of western 
Eurasian, Asian  and  Mexican American  ancestry; and they inclu ded  cuttings  of 1cm, 
2cm  and 4cm.  Typically, 2cm hairs are used  for DNA extraction according to the  
current mtDNA Unit SOP. In order to  demonstrate the sensitivity of  the chemical DNA 
extraction  methodology,  hair fragments that were  smaller and larger  than  2cm  were 
tested  as well. For the  head hairs, 1cm, 2cm  and  4cm cuttings were tested, while  for the  
beard hairs, only 1cm  and  2cm  portions were  evaluated.  Each cutting was taken  from  
the  proximal end of each hair.  A single hair  of  each length  and  type  was tested with  the  
following l ysis step  incubation  times:  15 minutes, 30  minutes, 60  minutes, 90 minutes, 
and overnight  (o/n).   In total, 40 different samples were tested  for this portion of  the  
study.  All of  them  produced  amplifiable mtDNA  –   as assessed  by  both  mtDNA qPCR  
and either WCR  or HV2  amplification  - regardless of  digestion time,  sample length or 
sample type  (Tables 2- 4), confirming  effectiveness of the  new extraction  method  in 
recovering DNA from a variety of hair types and  fragment sizes.    
 
To  verify  that the a mplicons  produced in this set of experiments  indeed  represented  the  
donors  tested, a  representative  2 cm  sample from  each  of  the three  sets shown in  
Tables 2-4  was sequenced.   In all cases, the  extracts  produced  mtDNA data  consistent 
with the corresponding known  mtDNA  profiles.  
 







Time Required for Complete Digestion of Hair Shafts:  
 
In order to  determine the optimum incubation time  for the initial chemical digestion step, 
the  aforementioned  40 samples were visually inspected  under a  microscope  at the  
previously indicated time  points (15  min, 30min,  60min,  90min and o/n).  This was 
followed by an assessment of the  extract qPCR  values for  differences that could be  
attributed to incubation time.   Results of  the  visual inspection  suggested that  full  
digestion  of hairs measuring 2cm or less generally occurred  in  approximately  30 
minutes. Hair cu ttings  longer than 2cm required longer incubation  times, though  most  
were digested f ully  after ~60 minutes. As previously  stated, all 40 samples produced  
amplification  product regardless of  incubation  time.  Furthermore,  a  review of  qPCR  
values suggested that there were no clear and  reproducible  differences in  mtDNA yield  
based on digestion time  (Graphs 1-3).   While  a  few the  hairs tested  at a variety of  
different time  points exhibited  considerable in creases in  mtDNA quantity, no clear 
pattern corresponding to digestion time emerged.  
 
Mixed Specimens:  
 
Though  mtDNA mixtures are not  interpreted  by the FBI laboratory, a  mixture test was 
conducted to  establish th at  in  mixed samples one  hair  is not preferentially extracted  
over the other,  and th at  by extension  mixed data  are detectable,  when the chemical 
digestion extraction protocol is employed.  For this experiment, two hairs (each hair  2cm  
and  from a  different individual) were extracted  in the same sample tube  following the  
Chemical DNA Extraction  from Hair protocol.   The extract was amplified  with primers for 
the  whole control region,  and the resulting sequence data were evaluated  for the  
presence of a  mixture.  As expected,  mixed sequence  data representing the mtDNA  
profiles of the two component hairs  were observed following amplification  and  
sequencing of  the mixed extract,  demonstrating that efficient mixture extraction  and  
detection can  be  achieved with the new protocol.   
 
Contamination Assessment:   
 
In order to  determine  whether or not low-level contaminants might be introduced into the  
overall DNA testing process as a result of the new  method, reagent blanks  (RBs) 
created over the course of  the study were evaluated  for any evidence of  low-level 
exogenous DNA.  RBs  were amplified  with both  WCR and HV2  primer sets.  In  all  
cases, when  the PCR  products were evaluated by CE, the RBs  showed no evidence of  
contamination.  When these same RBs were sequenced, there was also no  indication  of  
contamination in  the  sequence  data.  Based  on these  results, the Chemical Digestion of 
Hair process  does not appear to  specifically  introduce  contamination, nor be  any more 
susceptible to  it  than  existing mtDNA  Unit  hair extraction methods.   
 
Conclusion:  
 
In summary, the  experiments performed  here  demonstrate  the efficacy, accuracy, 
reproducibility, and reliability of  the Chemical DNA Extraction  from Hair  Protocol and  







serve  to define the conditions under which high-quality, reproducible  results may be  
obtained.   Given  the  totality of  the int ernal validation  studies  performed, it is 
recommended that the  Chemical DNA Extraction  from Hair protocol  be implemented in  
mtDNA Unit casework.  







